Candida albicans, which is diploid, possesses a single mating-type (MTL) locus on chromosome 5, which is normally heterozygous (a/␣). To mate, C. albicans must undergo MTL homozygosis to a/a or ␣/␣. Three possible mechanisms may be used in this process, mitotic recombination, gene conversion, or loss of one chromosome 5 homolog, followed by duplication of the retained homolog. To distinguish among these mechanisms, 16 spontaneous a/a and ␣/␣ derivatives were cloned from four natural a/␣ strains, P37037, P37039, P75063, and P34048, grown on nutrient agar. Eighteen polymorphic (heterozygous) markers were identified on chromosome 5, 6 to the left and 12 to the right of the MTL locus. These markers were then analyzed in MTL-homozygous derivatives of the four natural a/␣ strains to distinguish among the three mechanisms of homozygosis. An analysis of polymorphisms on chromosomes 1, 2, and R excluded meiosis as a mechanism of MTL homozygosis. The results demonstrate that while mitotic recombination was the mechanism for homozygosis in one offspring, loss of one chromosome 5 homolog followed by duplication of the retained homolog was the mechanism in the remaining 15 offspring, indicating that the latter mechanism is the most common in the spontaneous generation of MTL homozygotes in natural strains of C. albicans in culture.
I N haploid Saccharomyces cerevisiae, mating type is regu-
albicans to express a mating type, the MTL heterozygote must undergo homozygosis to either a/a or ␣/␣ (Hull lated by a cassette system consisting of two loci, HML and HMR, which contain unexpressed copies of the et al. 2000; Magee and Magee 2000; Lockhart et al. 2003) . Hence, in contrast to S. cerevisiae, C. albicans loses MATa and MAT␣ locus, respectively, and a third, MAT, which contains one expressed copy of either the MATa the alternative mating-type information to be mating competent. An analysis of the MTL genotypes of a collecor MAT␣ locus (Herskowitz and Oshima 1981; Haber 1998). The MATa locus contains the mating-type gene tion of 220 natural C. albicans strains revealed that ‫%79ف‬ were MTL heterozygous, while only 3% were MTL hoMATa1, and the MAT␣ locus contains the mating-type genes MAT␣1 and MAT␣2. Mating type is dictated by the mozygous (Lockhart et al. 2002) . Of the MTL-heterozygous strains, ‫%4ف‬ underwent spontaneous homozygosis MAT locus genotype. Haploid S. cerevisiae can change its mating type by site-specific recombination at the MAT in culture (Lockhart et al. 2002; Pujol et al. 2003) . MTL zygosity has been shown to regulate not only matlocus with a copy of the alternative silent locus (Butler et al. 2004 ). This represents a conserved system, since ing competency, but also white-opaque switching. Cells can switch from white to opaque, a requirement for no mating-type information is lost when cells switch mating type. Although the yeast pathogen Candida albimating, only when they have undergone homozygosis (Lockhart et al. 2002; Miller and Johnson 2002) . cans possesses mating-type genes similar to those in S.
Hence, understanding how a/␣ cells become a/a or cerevisiae, C. albicans, which is diploid, possesses a single ␣/␣ is important not only for understanding mating, mating-type (MTL) locus situated on chromosome 5 but also in understanding phenotypic switching. (Hull and Johnson 1999) , which is normally heterozy-C. albicans might employ three possible mechanisms gous (a/␣) in natural strains (Lockhart et al. 2002) .
to achieve homozygosis at the MTL locus. First, mitotic The MTL locus of one chromosome 5 homolog contains recombination (Whelan and Soll 1982) may occur the genes MTLa1 and MTLa2, while the MTL locus between the chromosome 5 homologs at a site between on the other homolog contains the genes MTL␣1 and the MTL locus and centromere, as depicted in Figure  MTL␣2 (Hull and Johnson 1999; Tsong et al. 2003) .
1A, resulting in cosegregation of two MTLa or two MTL␣ MTLa2 plays a unique role as a positive regulator of loci. Second, one MTL locus could undergo precise a-specific genes in C. albicans (Tsong et al. 2003) . For C.
gene conversion to the alternative mating type (i.e., a to ␣ or ␣ to a), as occurs at the MAT locus in S. cerevisiae (Butler et al. 2004) , resulting in cosegregation of two 1 gous) sequences on either side of the MTL locus on chromosome 5 in four C. albicans a/␣ strains that were previously demonstrated to undergo spontaneous MTL homozygosis in culture (Lockhart et al. 2002; Pujol et al. 2003; our unpublished observations) . We then analyzed the zygosity of these markers in spontaneous MTL-homozygous derivatives of these strains. If MTL homozygosis results from mitotic recombination, then the MTL-homozygous derivative would contain a combination of chromosome segments containing homozygous and heterozygous markers, and the MTL locus would be harbored in a segment containing other homozygous markers, as in Figure 1A . If MTL homozygosis results from precise gene conversion, as in S. cerevisiae, all markers in the MTL-homozygous derivative should be heterozygous except for the MTL locus, as in Figure  1B . Finally, if MTL homozygosis results from chromosome deletion, all markers in the MTL-homozygous derivatives should be homozygous, including the MTL locus, as in Figure 1C . In this scenario, polymorphisms on chromosomes other than chromosome 5 should remain polymorphic. The results we have obtained demonstrate that spontaneous MTL homozygosis in C. albicans is achieved both by mitotic recombination along chromosome 5 and by deletion of one chromosome 5 homolog followed by duplication of the retained homolog. The latter proved to be by far the most frequent mechanism.
MATERIALS AND METHODS
Strain origin, maintenance, and growth: The four C. albicans MTL-heterozygous (a/␣) strains P37037, P37039, P75063, and P34048, selected for analysis, have been demonstrated in earlier studies to undergo spontaneous MTL homozygosis in culture (Lockhart et al. 2002; Pujol et al. 2003; unpublished observations) . To obtain MTL-homozygous derivatives, cells Figure 1 .-Models for the three possible mechanisms of were plated at low density ‫05ف(‬ colony-forming units per 10-mating-type locus (MTL) homozygosis in Candida albicans, cm-diameter petri dish) on nutrient agar medium (Lee et al. mitotic recombination (A), gene conversion (B), and deletion 1975) supplemented with zinc and arginine ("modified Lee's of one homolog of chromosome 5 followed by duplication of medium"), according to Bedell and Soll (1979) , and 5 g/ the retained homolog (C). Hypothetical polymorphic alleles ml of phloxine-B, which differentially stains opaque phase sectors on the chromosome 5 homolog harboring MTLa (a) are repreand colonies red (Anderson and Soll 1987 (Lockhart et al. 2002 ; see later A is the position of a crossover. The small curved arrow from section). Six MTL-homozygous derivatives were obtained from ␣ to a in B represents a gene conversion. The a homolog is a/␣ strain P37037 (␣/␣-1, ␣/␣-2, ␣/␣-3, ␣/␣-4, ␣/␣-5, and deleted and the ␣ homolog duplicates in C.
a/a-1), one from a/␣ strain P37039 (␣/␣-1), two from a/␣ strain P75063 (a/a-1, a/a-2), and seven from a/␣ strain P34048 (␣/␣-1, ␣/␣-2, ␣/␣-3, ␣/␣-4, ␣/␣-5, ␣/␣-6, and a/a-1). The minority of MTL-homozygous offspring were obtained indeone chromosome 5 homolog may be lost and the rependently from colonies generated by different clones of the tained homolog duplicated, as depicted in Figure 1C .
a/␣ parent strains. The majority were from sectors. Hence, This last mechanism ( Figure 1C ) has been demonall MTL-homozygous offspring originated from independent homozygosis events. All original a/␣ and derivative a/a or strated to occur when C. albicans is grown in medium To test which mechanism(s) is responsible for spontaPolymorphisms identified by sequence analysis: Fifty inneous MTL homozygosis in natural strains of C. albicans tergenic regions 500-600 bp in length along chromosome 5 were randomly selected from a contig map created from data in culture, we first identified polymorphic (heterozy- a Position of the primer on the contig sequences obtained from the Stanford Genome Technology Center Candida albicans sequencing project. Contig19-10205, contig19-10196, and contig19-10057 are located on chromosomes 1, 2, and R, respectively.
provided by the Stanford Genome Technology Center C. albisome 5 were found to be polymorphic in one or more of the four a/␣ strains. The sites on chromosome 5 are listed as cans sequencing project (http:/ /www-sequence.stanford.edu/ group/candida/) and sequenced in the four MTL-heterozy-"target regions" for primers in Table 1 and diagrammed in Figure 2 . The placement of polymorphic sequences on chrogous test strains. Of these, 13 intergenic regions on chromo- mosome 5 in relation to the MTL locus, the putative centrotergenic regions along chromosomes 1, 2, and R were similarly meric region (Sanyal et al. 2004) , the SfiI restriction sites selected and sequenced. One polymorphic region was selected (Chu et al. 1993; , and the subtelomeric on each chromosome from contigs 19-10205, 19-10196, and Care2 site on chromosome 5 is presented in Figure 2A . Their 19-10057, respectively (Table 1) . placement was in agreement with the partial physical map
The polymorphic regions were then sequenced in MTLof P. T. Magee and colleagues (http:/ /alces.med.umn.edu/ homozygous derivatives of the four original MTL heterozygous Candida.html; Forche et al. 2004 ) and Whiteway and colstrains. For sequencing, primers were designed from the geleagues (http:/ /cbr-rbc.nrc-cnrc.gc.ca/biovis/candida/). Innome sequences (Table 1) . These regions were then amplified as follows. One nanogram of genomic DNA isolated by methods previously described (Soll et al. 1996) was used in each 50-l amplification reaction. Amplification with Taq DNA polymerase was performed as recommended by the manufacturer (Invitrogen, Carlsbad, CA). Polymerase chain reaction (PCR) mixtures were denatured by incubating them for 10 min at 94Њ. PCR reactions were then run through 40 cycles for 1 min at 94Њ, for 1 min at 47Њ, and for 1 min at 68Њ and then elongated for 8 min at 68Њ. Sequencing was performed in both directions with an ABI sequencing apparatus (PE-ABI, Foster City, CA), using the same primers as those used for PCR amplification. Genome Technology Center C. albicans sequencing project and MTL␣2 bands in the MTL-heterozygous strains is roughly database and the sequences were synthesized by PCR. The half that of the derivative MTL-homozygous strain. Similar PCR products were labeled and used as probes in Southern results were obtained for the remaining MTL-heterozygous strain and additional MTL-homozygous derivatives not shown.
Polymorphisms identified by Southern analysis: Primers
analysis of the four MTL-heterozygous strains. Southern analy-Mating-Type Locus Homozygosis in Candida albicans sis was performed according to methods previously described all derivative clones contained copies of either MTLa1 (Srikantha et al. 2000 (Srikantha et al. , 2001 . were indeed derivatives of the four MTL-heterozygous strains, (Schmid et al. 1990; verified that all of the cells were DNA fingerprinted with the complex DNA fingeridentified MTL-homozygous strains were true derivaprinting probe Ca3 by methods previously described (Schmid et al. 1990; . All derivatives were genetically similar tives of the MTL-heterozygous strain of origin (data not to the presumed strains of origin.
shown).
Identification of polymorphic sequences along chromosome 5: To assess the mechanism of MTL homozygo- and 5 genes. In addition, polymorphic genes were idenzygous derivatives of the four original MTL-heterozygous tified in three strains (P37037, P37039, and P75063) by strains (P37037, P37039, P75063, and P34048) were isoSouthern analysis of 20 genes distributed throughout lated by screening for opaque phase sectors and colothe chromosome. A combined 13 intergenic polymornies, which are selectively stained red by phloxine B in phisms and 5 gene polymorphisms were identified (Figthe supporting agar (Anderson and Soll 1987) . To be ure 2). Six polymorphic genes and intergenic sequences sure that each MTL-homozygous derivative was the rewere identified to the left of the MTL locus and 12 to sult of an independent homozygosis event, selected dethe right (Figure 2 ). rivatives were from colony sectors or colonies from difDevelopment of the contig map for chromosome 5: ferent clones of the a/␣ strain. 
bp: 290 300 307 321 334 336 347 360 372
Consensus sequences were generated between the sequences obtained for P37037, P37039, P75063, P34048, and their derivatives. Base pair positions are given for the polymorphic sites as a function of the consensus sequences. Position 1 corresponds to the 5Ј end of the forward primers described in Table 1 , except for the sequences of genes YAP3 and YIR12, where position 1 corresponds to the 5Ј end of the reverse primer due to the presence of a 6-bp insertion/deletion near the beginning of the sequence obtained with the forward primer. Dashes in the sequence indicate single-base-pair deletions.
chromosome 5 contained the repeat sequence HOK at alces.med.umn.edu/Candida.html; Forche et al. 2004) . Contigs 19-10194 and 19-10170 were assigned to fragone end and the tandemly repeated RPS sequences and the repeat sequence RB2 at the opposite end (Iwaguchi ments I and M, respectively, according to the partial physical map and Forche et al. (2004) . The orientation et al. 1992; Anderson et al. 1993; Lockhart et al. 1995; Chindamporn et al. 1998; Pujol et al. 1999) . The RPS of contig 19-10194 was based upon the fact that it contains CARE2-homologous sequences at one end. CARE2 locus contains the SfiI sites that separate chromosome 5 into fragments I and M (Figure 2 ). The orientation has been shown to be subtelomeric on chromosome 7 and has been suggested to be subtelomeric on other of contig 19-10202 was based on the fact that it contained the HOK sequence at one end. The orientation chromosomes ). This orientation is in agreement with that in Forche et al. (2004) . The of contig 19-10155 was based on the position of the RB2 sequence at one end. Their locations on the chromoorientation of contig 19-10170, 19-10080, and 19-10137 follows that of Forche et al. (2004) . The location of a some were in agreement with the partial physical map generated by P. T. Magee and colleagues (http:// putative centromere on chromosome 5 was based on P37037, P37039, P37063, and P34048 was made under the assumption that the integrity of chromosome 5 was not disrupted by chromosomal rearrangements, specifically at the RPS locus (Chu et al. 1993; Pujol et al. 1999; Chibana et al. 2000; Joly et al. 2002) . The integrity of chromosome 5 was verified in the majority of derivative strains by Southern blot hybridization of contourclamped homogeneous electric field (CHEF) gels with the markers 1854A and 2466C on fragment M and markers 2284B and YIR12 to the right of the RPS locus on fragment I (data not shown). MTL homozygosis in strain P37037: In the MTL-heterozygous (a/␣) strain P37037, 6 markers to the left and 12 to the right of the MTL locus were heterozygous ( Figure 4A ). The nucleotide polymorphisms in a/␣ P37037 of the intergenic sites, and genes YAP3 and YIR12, are presented in Table 2 , and the polymorphisms identified by Southern analysis for the genes STI1, CLN1, GAP1, and YAP3 are presented in Figure 5 . Of the six MTL-homozygous derivatives of a/␣ P37037 identified in the screen for white-opaque switching, five were ␣/␣ derivatives (␣/␣-1, ␣/␣-2, ␣/␣-3, ␣/␣-4, and homolog of chromosome 5. Three markers to the right between positions 1 kb and 3.2 kb. This latter region is of the heterozygous region, beginning between markers between two inverted repeat sequences (Figure 2) . The 2466A and 2284 B and ending between markers 2222C intergenic marker 10170B is located ‫1ف‬ kb downstream and YIR12, were homozygous, containing the polymorof the putative centromeric region (Figure 2) . The phisms associated with the original MTLa homolog of markers 1990A and 1990C are located ‫2ف‬ and 3.6 kb, chromosome 5, and the last marker to the right, YIR12, respectively, from the putative centromeric region, but was homozygous for the polymorphism associated with because of the inverted repeat sequences surrounding the original MTL␣ homolog of chromosome 5. These the putative centromeric region, the orientation (to the results indicate that at least three crossovers occurred left or right) has not yet been resolved. We have placed in the genesis of ␣/␣-1, one between markers 1854A these markers to the left, as in the latest assembly (assemand 1990C , one between markers 2466A and 2284B, bly 19) of the C. albicans genome (http:/ /www-sequence.
and one between markers 2222C and YIR12 (Figure 4 , A stanford.edu/group/candida/). and B). The region between markers 2644A and 2284B harbors the RPS locus (Figure 2) . These results indicate The analysis of homozygous derivatives of strains that homozygosity in ␣/␣-1 arose by mitotic recombinasequences of intergenic markers and the genes YAP3 and YIR12 are presented in Table 2 . These results indition and exclude a mechanism of precise gene conversion at the MTL locus, as occurs in S. cerevisiae, or a cate that the chromosome 5 homolog harboring the MTLa locus was deleted in the genesis of the ␣/␣-2, mechanism of chromosome deletion.
/␣ C/T A/G A/G A/G C/T G/T C/T C/T G/T A/C A/T A/T C/T A/G
In the MTL-homozygous derivatives ␣/␣-2, ␣/␣-3, ␣/␣-3, ␣/␣-4, and ␣/␣-5 derivatives of P37037. Similarly, in the MTL-homozygous derivative a/a-1, the 6 markers ␣/␣-4, and ␣/␣-5, all of the markers, including 6 to the left and 12 to the right of the MTL locus, were to the left and the 12 markers to the right of the MTL locus were homozygous ( Figure 4D ). The nucleotide homozygous ( Figure 4C ). Most notably, the markers 1990A, 1990C, and 10170B, located close to the putative sequences of intergenic markers and genes YAP3 and YIR12 are presented in Table 2 . These results indicate centromeric region, were homozygous. The nucleotide that the chromosome 5 homolog harboring the MTL␣ and YAP3 sequences between the original a/␣ strain, a/a-1 derivative, and a/a-2 derivative is presented in locus was lost, and the retained chromosome 5 homolog duplicated in the genesis of the a/a-1 derivative of Table 4 , and Southern analysis of the polymorphic genes STI1, CLN1, and GAP1 in the a/␣ P75063 strain, and P37037.
MTL homozygosis in strain P37039: In the MTL-hetthe a/a-1 derivative, is presented in Figure 5 . YAP3 exhibited no polymorphisms in Southern blots. These reerozygous (a/␣) strain P37039, six markers to the left and eight to the right were polymorphic ( Figure 6A) . sults indicate that the chromosome 5 homolog harboring the MTL␣ locus in strain P75063 was deleted in The polymorphic nucleotide sequences of the intergenic sites and the gene YAP3 are presented for the independent genesis of both the a/a-1 and a/a-2 derivatives of P75063. In addition, the intensity of the a/␣ P37039 in Table 3 , and the polymorphisms identified by Southern analysis of STI1, CLN1, GAP1, and MTLa1 band in the Southern blot of the P75063 a/a-1 derivative was approximately twice that of either the a YAP3 are presented in Figure 5 . In the MTL-homozygous derivative ␣/␣-1 of strain P37039, all markers were or ␣ bands of the parent MTL heterozygote ( Figure  3 ), again suggesting that the loss of the homolog of homozygous, including those in close proximity to the putative centromeric region ( Figure 6B ). A comparison chromosome 5 harboring the MTL␣ locus was followed by duplication of the homolog that was retained. Similar of the polymorphic sequences between the original a/␣ and ␣/␣-1 derivative of strain P37039 is presented results were obtained in Southern analyses of the genes STI1, CLN1, and GAP1 ( Figure 5 ), further suggesting in Table 3 , and Southern analysis of the polymorphic genes is shown in Figure 5 . These results indicate that that duplication followed chromosome loss. MTL homozygosis in strain P34048: In the MTL-hetthe chromosome 5 homolog harboring the MTLa locus was deleted in the genesis of the ␣/␣-1 derivative of erozygous (a/␣) strain P34048, two markers to the left and nine markers to the right of the MTL locus were P37039. The intensity of the MTL␣2 band in the Southern blot of the P37039 ␣/␣-1 derivative was approxiheterozygous ( Figure 8A ). The nucleotide sequences are presented in Table 5 . In the MTL-homozygous derivmately twice that of either the a or ␣ band of the parent MTL-heterozygous strain (Figure 3) , suggesting that loss atives ␣/␣-1, ␣/␣-2, ␣/␣-3, ␣/␣-4, ␣/␣-5, and ␣/␣-6, all markers were homozygous ( Figure 8B ; Table 5 ). In the of the chromosome 5 homolog harboring the MTLa locus was followed by duplication of the homolog har-MTL-homozygous derivative a/a-1, all markers were also homozygous ( Figure 8C ; Table 5 ). Hence, all MTLboring the MTL␣ locus. Similar results were obtained in Southern analyses of the genes CLN1, GAP1, STI1, homozygous derivatives of P34048a/␣ were generated by loss of a chromosome 5 homolog. and YAP3 (Figure 5 ), supporting this scenario of homolog duplication after loss.
Chromosome 5 homolog-specific polymorphisms: In comparing the polymorphic sites along chromosome 5 MTL homozygosis in strain P75063: In the MTL-heterozygous (a/␣) strain P75063, five markers to the left in MTL-homozygous offspring from the different a/␣ strains, we noted similar linkage of specific polymorand eight to the right of the MTL locus were heterozygous ( Figure 7A ). In each of the two independently phisms associated with either MTLa or MTL␣. Hence, when a/␣ strains shared the base polymorphism X/Y isolated MTL-homozygous derivatives a/a-1 and a/a-2, all markers were also homozygous, including those in at a particular site, X segregated with MTLa and Y segregated with MTL␣ in the majority of cases for unrelated close proximity to the putative centromere ( Figure 7B) . A comparison of a/a-1 and a/a-2 revealed that all homostrains (Table 6) . Ruling out meiosis: Although we proposed three poszygous alleles were identical, suggesting that no additional recombination event had occurred. A comparison sible mechanisms for homozygosis that could be discriminated by analyzing polymorphic markers along of the nucleotide sequences of polymorphic intergenic /a-1, a/a- Table 2 footnote.
chromosome 5, there was also a fourth improbable phisms were conserved on chromosomes 2 and R ( Table  6 ), suggesting that these offspring, which had become mechanism that would give the same chromosome 5 results as chromosome loss followed by duplication, ␣/␣ through independent homozygosis events, had both undergone parallel homozygosis at the chromonamely meiosis. If meiosis occurred, all genes in the genome would become monomorphic. To test this possome 1 marker analyzed, but not meiosis. Together, these results support the conclusion that meiosis can sibility, we identified polymorphic intergenic sequences on contig 19-10205 of chromosome 1, 19-10196 of chrobe excluded as the mechanism for MTL homozygosis in all 16 MTL-homozygous offspring analyzed in this mosome 2, and 19-10057 of chromosome R and analyzed these sequences in all of the MTL-homozygous study. offspring of strain a/␣ P37037, a/␣ P37039, a/␣ P75063, and a/␣ P34048 (Table 7) . Polymorphisms on chromo-DISCUSSION somes other than chromosome 5 were maintained in all 16 MTL-homozygous offspring (Table 7) . In Table  MTL Miller and Johnson 2002). Here, we have examined (P37037␣/␣-1), the parent strain was observed to undergo minor but frequent changes in its DNA fingerthe mechanism of spontaneous MTL homozygosis in natural strains of C. albicans grown in culture. Sixteen print patterns identified by Southern blot hybridization with the complex DNA fingerprinting probe Ca3 (data spontaneous MTL-homozygous offspring, both a/a and ␣/␣, that were derived from four natural a/␣ strains not shown). Changes in the Ca3 fingerprinting pattern can be due to unequal crossing over at RPS loci (Pujol were obtained by screening colonies for the opaque phenotype. Care was taken to be sure that each MTLet al. 1999; Joly et al. 2002) . P37037 was also the only strain that exhibited homozygosis in a second chromohomozygous derivative was the product of an independent homozygosis event. By analyzing markers distribsome, in this case in chromosome 1, consistent with the conclusion that this a/␣ strain is genetically less stable uted along the entire length of chromosome 5, which harbors the MTL locus, we were able to deduce the than the other three that were analyzed. In two of the four a/␣ strains analyzed (P37037 and mechanism of homozygosis for each of the 16 MTLhomozygous derivatives. We proposed three possible P34048), we isolated both a/a and ␣/␣ offspring that arose through loss of one chromosome 5 homolog folmechanisms for homozygosis, mitotic recombination, precise gene conversion, as in S. cerevisiae, and loss of lowed by duplication of the retained homolog. In a previous study of mitotic recombination, the presence a chromosome 5 homolog followed by duplication of the retained homolog. We found that only 1 of the 16 of recessive lethal alleles was demonstrated (Whelan and Soll 1982) . Since offspring from the same strains derivatives arose through mitotic recombination, while 15 derivatives arose by loss of one chromosome 5 homopossessing duplicate copies of either homolog of chromosome 5 were viable, we can conclude that chromolog followed by duplication of the retained homolog. We found no evidence for precise gene conversion, some 5 does not harbor recessive lethal alleles. However, it is curious that in these same strains (P37037 and although it cannot be ruled out as a minor mechanism, such as mitotic recombination. However, there was also P34048), from which we isolated the most MTL-homozygous offspring, the majority of offspring were ␣/␣, 5 the unlikely possibility that homozygosis could arise by meiosis. An analysis of polymorphic markers on chromoout of 6 in the case of P37037 and 6 out of 7 in the case of P34048. Indeed, of the 16 MTL-homozygous somes 1, 2, and R, however, revealed that all 16 MTLhomozygous derivatives maintained heterozygosity in offspring isolated from the four natural a/␣ strains in this study, 12 (75%) were ␣/␣. The probability of this chromosomes other than chromosome 5 homologs, excluding meiosis as a mechanism of MTL homozygosis in happening by chance is 0.02, suggesting that there may be a bias toward the loss of the chromosome 5 homolog vitro. Two independent derivatives of P37037, P37037␣/ ␣-2 and P37037␣/␣-4, appeared to have similarly underharboring the MTLa locus. This bias may be the result of the culture conditions used in our study, since it has gone the loss of one chromosome 1 homolog as well as one chromosome 5 homolog. Both exhibited polymorbeen demonstrated that the sugar source can affect loss of a chromosome 5 homolog (Janbon et al. 1998 ; Magee phisms on chromosomes 2 and R, indicating that they had undergone chromosome loss, not meiosis.
and Magee 2000). Hence, it is possible that the amino acid-rich medium used in our study may have biased In the one documented case of mitotic recombination :  290  300  307  321  334  336  347  360  372 Polymorphic sites that were shared by at least two of the four a/␣ strains used in this study are represented for each marker. The nucleotides associated to MTLa (a) and (or) MTL␣ (␣) are represented for each strain. In strains P37037 and P34048 for which MTLa and MTL␣ derivatives were obtained, nucleotides are given for both. In strain P37039, nucleotides are given for the lone MTL␣ derivative obtained. In strain P75063, nucleotides are given for the MTLa derivatives obtained.
b
No polymorphism was found for these strains at these positions.
TABLE 7
Heterozygosity of independent genetic markers eliminates meiosis as a mechanism of MTL homozygosis
